Background: Childhood exposure to environmental tobacco smoke has been extensively associated with childhood respiratory illness; fewer studies have addressed the effects on adults. Methods: Childhood environmental tobacco smoke exposure in relation to chronic cough, phlegm, and asthma diagnosis was studied in never smokers from a cohort of Singaporeans of Chinese ethnicity aged 45-74 years at enrolment from 1993 to 1998. From 1999 to 2004 subjects were interviewed regarding environmental tobacco smoke exposure before and after the age of 18 and the presence and duration of current symptoms of chronic cough and phlegm production and asthma diagnosis. Results: Among 35 000 never smokers, fewer had smoking mothers (19%) than fathers (48%). Although few subjects currently lived (20%) or worked (4%) with smokers, 65% reported living with a daily smoker before the age of 18 years. Living with a smoker before the age of 18 increased the odds of chronic dry cough (149 cases, odds ratio 2.1, 95% CI 1.4 to 3.3) and, to a lesser extent, phlegm, after adjustment for age, sex, dialect group, and current and past exposure to smokers at home and at work after the age of 18. Associations strengthened with higher numbers of smokers in childhood. There was no association with asthma or chronic bronchitis. There was evidence to suggest a stronger association among subjects with a lower adult intake of fibre which has previously been found to be protective for respiratory symptoms.
Conclusions:
In this large study of non-smokers, living with a smoker in childhood was associated with chronic dry cough and phlegm in adulthood, independent of later exposures to environmental tobacco smoke.
C hildhood exposure to environmental tobacco smoke (ETS) has consistently been associated with childhood respiratory illness and symptoms including bronchitis, pneumonia, cough, phlegm, breathlessness, wheeze, and asthma (reviewed by Cook and Strachan 1 ). Several studies have suggested that ETS exposure in adulthood is associated with non-malignant respiratory disease (reviewed by Jaakkola and Jaakkola 2 ), but data on the relation between childhood exposure to ETS and non-malignant respiratory illness in adults are somewhat inconsistent. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Most of these studies deal with asthma alone.
Findings on childhood ETS exposure in relation to adult respiratory symptoms and illnesses are probably confounded by the strong association between active smoking and these outcomes. Exposure to tobacco smoke in early life may influence smoking behaviour later in life. 6 Of the studies with data on childhood ETS exposure and adult respiratory illness, most have a large proportion of smokers. A study of nonsmokers offers the advantage of virtually eliminating residual confounding by smoking. The usefulness of restricting the analysis to non-smokers in the elimination of bias due to uncontrollable confounding by active smoking has been demonstrated for the study of leanness in relation to lung cancer. 13 We examined whether exposure to ETS as a child increased the prevalence of adult chronic cough, phlegm, and asthma in a population of 35 000 lifetime never smokers from the Singapore Chinese Health Study. We also considered whether the effects of childhood exposure to tobacco smoke in the home might be modified by intake of non-starch polysaccharides, a form of dietary fibre that is associated with reduced chronic respiratory symptoms in this cohort. 14 
METHODS

Study population
The design of the Singapore Chinese Health Study has been described previously. 15 Briefly, the cohort was drawn from a population of men and women of Chinese ethnicity, aged 45-74 years, who were permanent residents or citizens of Singapore and resided in government built housing estates which housed 86% of the population during the period of subject enrolment. The study was restricted to individuals belonging to the two major Chinese dialect groups in Singapore: Cantonese and Hokkien. Between April 1993 and December 1998 we enrolled 63 257 individuals (85% of those eligible). Baseline questionnaires were administered by trained interviewers in the subjects' homes and elicited information on demographics, active smoking, and medical history. The baseline interview included a 165-item quantitative food frequency questionnaire which was developed for and validated in this population, 16 enabling estimation of intake of non-starch polysaccharides, a form of dietary fibre. 14 Beginning in 1999, subjects were interviewed by telephone regarding active smoking, history of ETS exposure before and after age 18, and the presence and duration of respiratory symptoms.
At 31 December 2004 there were 7722 deaths in the overall cohort. The follow up telephone interview was completed for 52 325 individuals. The average time between the baseline and follow up interviews was 5.8 years. We restricted the analysis to the 35 000 never smokers defined by a ''no'' response to the question at baseline about ever having smoked at least one cigarette a day for 1 year or longer and a further ''no'' response to the question ''Have you smoked at least 100 cigarettes in your lifetime?'' on the follow up interview. Smoking histories were not validated by biomarkers, but studies comparing serum cotinine data with selfreported tobacco use suggest that there is little misclassification of non-smokers based on self-reporting in surveys of the general population. 17 18 American Thoracic Society questionnaire items (ATS-DLD-78-A) were used to assess history of asthma, cough, and phlegm production (see Appendix 1 in online supplement available at http://www.thoraxjnl.com/supplemental). 19 Because we were interested in the general question of whether early life exposure to smokers increased later risk of respiratory outcome, we wanted to compare these various outcomes with a common group of individuals who had no respiratory impairment. The subjects were therefore divided into mutually exclusive categories based on asthma, cough, and phlegm. ''Chronic'' was defined as occurring on most days for at least 3 months of the year, lasting for more than two consecutive years. We first classified subjects according to reports of doctor diagnosed asthma and then classified those without this report according to the presence of chronic cough and/or phlegm or, if these symptoms did not meet the definition of chronic, into a combined recent symptoms category. The categories were doctor-diagnosed asthma (n = 1504 cases), recent cough and/or phlegm (n = 1320), chronic phlegm (n = 700), chronic cough (n = 185), chronic cough plus phlegm (chronic bronchitis) (n = 149), and a referent group with no cough, phlegm, or asthma (n = 31 142). The objective of this study was to examine the association between early life exposure to ETS and chronic respiratory symptoms in adults; analyses of the 1320 individuals reporting recent cough and/or phlegm are not therefore included in the tables for reasons of space but can be found in Appendix 2 in the online supplement available at http:// www.thoraxjnl.com/supplemental.
The protocol was reviewed and approved by the Institutional Review Boards of the University of Southern California, the National University of Singapore, and the US National Institute of Environmental Health Sciences.
Statistical analysis
We examined the odds of chronic respiratory symptoms in adults in relation to exposure to ETS in early life and adulthood. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated from unconditional logistic regression models (SAS Version 9.0; SAS Institute, Cary, NC, USA).
Childhood exposure, defined as birth to age 18, was defined with a semi-quantitative variable representing the minimum number of smokers an individual lived with during childhood from the number of categories marked regarding who smoked in the household (father, mother, grandparent(s), sibling(s), and other person(s); see Appendix 1 in online supplement for questionnaire items). Some of the categories could include more than one smoker, so each marked category included at least one smoker. We created a similar semi-quantitative variable for residential exposure after age 18, henceforth referred to as ''adult home exposure''. Adult work exposure was modelled as past or current versus none.
All odds ratios were adjusted for age as a continuous variable, sex, and dialect group. The following covariates were assessed as potential confounders: education (completed ( grade 6, grade 7-10, grade 11 or higher), body mass index as a continuous variable (log transformed), occupation (10 categories), being born in Singapore versus elsewhere, and dietary intake of non-starch polysaccharides (quartiles). None appreciably changed the associations so they were not included in the multivariate models.
RESULTS
Women outnumbered men in this population of lifetime nonsmokers, which was expected given the lower smoking rates among women (table 1) . Overall, 65% of subjects reported living with at least one daily smoker before the age of 18. Only 19% reported maternal smoking; 48% reported paternal smoking. Adult home exposure to ETS and work exposure were more common in the past than currently (table 1) . These trends reflect prohibitive measures against smoking in public places and health education efforts established in the 1970s in Singapore. 20 21 Chronic dry cough was reported by 0.5% of subjects and chronic phlegm without cough by 2%.
Subjects who lived with one or more daily smokers before the age of 18 had increased odds of chronic phlegm without cough (OR 1.25, 95% CI 1.02 to 1.53) and chronic dry cough (OR 2.14, 95% CI 1.39 to 3.29; table 2). We observed a significant trend of increasing odds ratios with higher number of smokers in the household in early life for both chronic phlegm (p trend = 0.004) and chronic dry cough (p trend = 0.005). We were unable to examine dose-response with duration of early life exposure because duration varied little; 91% of the subjects who reported exposure before the age of 18 indicated a duration of 12 or more years, the top category. Early life ETS exposure was associated with chronic bronchitis when adjusting only for age, sex, and dialect (OR 1.78, 95% CI 1.22 to 2.61); adjustment for exposure after age 18 virtually eliminated the association (OR 1.18, 95% CI 0.76 to 1.82). Chronic phlegm production alone gave similar Smoking by mothers alone was uncommon (4%) in this population.
Although some of the categories become sparse, because of previous literature, 10 we examined the effects of parental smoking on adult respiratory health by sex (table 3) . ETS exposure in early life was similarly associated with an increased risk of chronic dry cough in women and men, although precision was lower in the smaller stratum of men. Living with at least one smoker in childhood raised the odds of doctor-diagnosed asthma in women (OR 1.17, 95% CI 1.01 to 1.36) but not in men (OR 0.82, 95% CI 0.60 to 1.13; p value for difference = 0.05).
No appreciable difference was seen in the association between early life exposure and chronic dry cough by age (,/ > median of 61 years) or dialect group (data not shown).
We also examined possible effect modification of the association between early ETS exposure and chronic cough or phlegm by intake of non-starch polysaccharides, a form of fibre related to reduced chronic respiratory symptoms in this cohort.
14 Only potential effect modification by fibre was examined because we previously found that fibre intake explained univariate associations with antioxidant micronutrients (such as vitamin C, vitamin E, and carotenoids) and food groups such as total fruit and soyfoods.
14 Although numbers become small on stratification, the association between early life ETS exposure and chronic dry cough or chronic phlegm was somewhat greater in subjects with a calorie adjusted intake of fibre below the median of 7.5 g/day for the entire Singapore Chinese cohort than in subjects with a higher intake (table 4). There was a significant trend with increasing number of smokers in childhood in the lower fibre (p,0.01) but not the higher fibre category for both chronic phlegm (p interaction = 0.27) and chronic cough (p interaction = 0.05).
Adult ETS exposure at home was associated with various respiratory outcomes, independently of childhood exposure and adult work exposure. Adult past and current home exposure were positively associated with chronic bronchitis (table 2). Doctor diagnosed asthma was weakly related to exposure to two or more past smokers; a smaller association for currently living with one or more smokers might reflect the influence of an asthmatic on smoking behaviour of household members. The similar association of past and current exposure with the outcomes could reflect resistance to the effect of ETS on the part of persons still living with smokers after many years. Chronic phlegm, but not chronic dry cough, was modestly associated with adult exposure to smokers in the home. Exposure to ETS at work was associated with an increased risk for all outcomes after adjusting for adult home exposure and childhood exposure, with the weakest association being observed for asthma (table 2) . We combined the small category of current work exposure with the larger past exposure category because odds ratios were in the same direction.
We explored the potential interaction between early life and adult ETS exposure and adult respiratory symptoms by examining odds ratios according to four categories of joint exposure: none, childhood only, adult only, and both childhood and adult. Although small numbers preclude precise estimation of the effects of exposure only in childhood, the associations with all outcomes were greater for exposure in both childhood and adulthood than for adult exposure alone (table 5) . Stronger associations observed in table 5 compared with table 2 most likely reflect the fact that subjects in the reference category for table 5 had neither childhood nor adult ETS exposure.
We preferred mutually exclusive categories to compare each outcome group with the same reference category of individuals unaffected by any of the conditions. However, for comparison with studies that do not use mutually exclusive categories, we also compared each outcome group with all other subjects. Not surprisingly, the results were quite similar. For example, the odds ratio for living with a smoker before the age of 18 and chronic cough was 2.12 (95% CI 1.38 to 3.26) and for chronic phlegm was 1.24 (95% CI 1.01 to 1.52).
DISCUSSION
These data provide evidence that early life exposure to ETS has long term effects on adult respiratory health. Living with a smoker in childhood was associated with chronic dry cough and, to a lesser degree, phlegm production in adult nonsmokers, independently of later life exposures to ETS at home and at work. We observed a dose-response relationship with increasing odds ratios for higher estimated numbers of smokers in the home in childhood. These associations suggest effects of postnatal exposure given the low rates of maternal smoking in this population. We also found some evidence that intake of fibre might modify the association between early life ETS and adult respiratory symptoms.
It is unclear how early life exposure to ETS contributes to adult chronic dry cough. However, exposure to tobacco smoke in childhood may lead to permanent structural changes in the lung. Elliot et al 22 observed an increase in inner airway wall thickness of the larger airways in sudden infant death syndrome (SIDS) victims whose mothers smoked prenatally and postnatally compared with unexposed SIDS infants. In a larger subsequent study, significant inner wall thickening was seen in infants exposed only postnatally. 23 This finding is relevant to our study where relatively few subjects would have had prenatal exposure. A small increase in airway wall thickness may contribute to excessive airway narrowing in response to smooth muscle contraction. 24 Although studies in SIDS infants do not allow one to conclude whether the observed changes would have been permanent, lung function studies in adults provide suggestive evidence of long lasting damage to airways from childhood exposure. [10] [11] [12] Exposure to ETS during childhood may also enhance the excitability of the sensory nerves of the lung that are responsible for the cough reflex. Exposure of guinea pigs to ETS in the first 5 weeks of life (equivalent of human childhood) upregulates lung C-fibre central nervous system (CNS) reflex responses which could result in cough. 25 It is not known if these changes persist long term. Alternatively, ETS exposure during childhood may influence adult respiratory symptoms via the well documented increased risk of acute lower respiratory illness. 1 Early life exposure to ETS was weakly associated with adult chronic phlegm without cough. One would expect that cough would accompany phlegm as subjects were asked to exclude phlegm from the nose. Few other studies using similar questions have reported separate results for phlegm, so it is hard to know the worldwide prevalence of reports of phlegm without cough. However, some other cohorts have also reported a higher prevalence of phlegm than of cough. [26] [27] [28] [29] In our cohort about twice as many people reported phlegm only compared with cough or cough with phlegm. This might reflect practices in Chinese populations in which spitting of phlegm onto the street is a common problem. 30 Recognition of this habit resulted in the banning of public spitting in Singapore long ago. Ignoring phlegm from the nose in reporting may be difficult, especially in certain populations. We therefore present the chronic phlegm and chronic bronchitis outcomes separately. Results for early ETS were similar for the two outcomes although results for later ETS exposure differed somewhat. It is also possible that an increase in lung C-fibre CNS reflex responses to postnatal ETS exposure could lead to mucus hypersecretion and thus phlegm production. 25 Data on early life exposure to ETS and adult respiratory symptoms or illness [3] [4] [5] [6] [7] [8] [9] [10] are not entirely consistent. In contrast with our study, most other studies examined only asthma. 3-6 8 9 No association between childhood ETS exposure and asthma was observed in five studies; 3 5 7 8 10 positive associations were found in three others. 4 6 9 We found weak evidence for an association between early life ETS and asthma only in women. Of note, in the study of Larsson et al, 6 no association was found in subjects aged 40-69 years in the mid 1990s, a group of comparable birth cohort to our subjects. In the European Community Respiratory Health Survey (ECRHS) 10 parental smoking was associated with wheeze, with a composite variable of three or more asthma symptoms, and with chronic bronchitis, but not with current asthma. Unfortunately, we did not ask about wheeze. We did not observe an association with chronic bronchitis after adjusting for later life ETS exposure. Robbins et al 7 also found no association between childhood exposure and chronic bronchitis.
The major limitation of this cross sectional study is the potential for recall bias if individuals with respiratory symptoms are more likely to report ETS exposure. However, it seems reasonable that adults could remember if they lived with a smoker during childhood, especially after the age of 6 years. Data from the Midspan family study show that there is good agreement between parental reporting of maternal and paternal smoking and adult recall by offspring aged 30-59 years. 31 Furthermore, if recall bias has a major role, we would expect to see associations between early life exposure to ETS and all outcomes, not just chronic dry cough and phlegm. In the ECRHS, differential recall bias would not explain the finding that parental smoking during childhood was associated with reduced lung function even in nonsymptomatic subjects. 10 We did not ask about childhood exposure to ETS sources outside of the home as the accuracy of these data is less certain.
This study enhances the existing literature which is based mostly on Western populations. Our Chinese population also provides a large proportion of non-smoking women. Restricting the analysis to non-smokers virtually eliminates potential confounding by active smoking. This is also the largest study of adult respiratory effects of early exposure to ETS.
A strength of this study is the high quality dietary data that enabled us to examine possible confounding and effect modification by intake of non-starch polysaccharides, the major protective factor for respiratory symptoms in this cohort.
14 To our knowledge, this is the first study of childhood exposure to ETS to include examination of interaction by dietary factors. The dietary data were collected on the baseline questionnaire and thus were prospective with respect to the respiratory outcomes, eliminating the possibility of recall bias. We found suggestive evidence of a stronger association between chronic cough and phlegm and living with smokers in childhood among subjects with a lower intake of non-starch polysaccharides, a form of dietary fibre. Fibre is a complex dietary mixture 32 33 that may have beneficial effects on the lung by reducing blood glucose concentrations, [34] [35] [36] reducing inflammation, 37 and enhancing antioxidant processes. 38 39 Higher fibre intake may produce a state of lower inflammation and oxidative stress that may protect the lung against subsequent environmental insults which could trigger development of respiratory symptoms among those exposed to ETS in childhood. Our data suggest that poorer diet might accentuate the deleterious effects of early life exposure to ETS. It is extremely difficult to obtain data on childhood diet from older adult subjects, so we are unable to test directly the possibility that adults with higher fibre intake also had higher fibre intake as children.
In conclusion, substantial evidence already exists that exposure to ETS in early life has adverse effects on childhood respiratory health. Our data from the Singapore Chinese Health Study add to a growing body of evidence that early life exposure may also adversely affect adult respiratory health. In this largest study to date, exposure (which was largely postnatal) was associated with chronic respiratory symptoms in adults. These results have major health implications given the widespread exposure of youth to ETS. In addition, other early life exposures such as outdoor air pollution may act through similar pathways resulting in long term consequences on respiratory health. These results emphasise the importance of reducing the exposure of children to tobacco smoke and other environmental pollutants. S ince many smokers are unable or unwilling to totally quit smoking, the concept of harm reduction is raised. This study, with up to 31 years of follow up, studied the smoking habits of 11 151 men and 8563 women aged between 20 and 93 years. 864 cases of primary lung cancer occurred during follow up. Study participants were classified as heavy smokers (>15 g/day), light smokers (1-14 g/day), ex-smokers, and never smokers. Consumption was calculated by equating a cigarette to 1 g of tobacco, a cheroot to 3 g, and a cigar to 5 g. Smoking reduction was defined as a reduction of 50% or more in the amount smoked between the two follow up visits.
For follow up, six groups were defined: continued heavy smokers, reducers (heavy smokers who had a reduction of at least 50% without quitting), continued light smokers, quitters, stable ex-smokers, and never smokers. Cox regression analysis was performed to calculate adjusted hazard ratios (HR). Compared with persistent heavy smokers, the HR for lung cancer in reducers was 0.73 (95% confidence interval (CI) 0.54 to 0.98). For light smokers the HR was 0.44 (CI 0.35 to 0.56), for quitters 0.50 (CI 0.36 to 0.69), for stable exsmokers 0.17 (CI 0.13 to 0.23), and for never smokers 0.09 (CI 0.06 to 0.13).
The study shows that, in heavy smokers, smoking reduction by 50% or more significantly reduces the risk of lung cancer. However, the authors conclude that smoking cessation should still be advocated as reducing smoking has not been shown to decrease the risk of other smoking related disease.
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